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ABSTRACT

Three sludges - aerobic, anaerobic, 1'.ilorganite, and peat moss
were tested for fertilizing ability, seed int ibition, and chemical
1

composition.

Using green bean (Phaseolus -~-) and rye ']rass (~ljum

perenne) seeds in two sludge amended soils, a greenhouse study indicated growth enhancement for the rye grass and variable results
for the green beans.

Algal and fungal contaminations were problems.

Seeds germinated in sludge extract were inhibited, but no correlation
with the chemical analyses could be established.

Only Milorganite

had a heavy metal content significantly higher than the soils tested.
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INTRODUCTION

Investigations into the use of sewage sludge as a fertilizer
began about the turn of the century as did the controversy surrounding it.

Not only can researchers not agree on its usefulness, but

also can not produce consistent data on its physical characteristics.
By definition, sewage sludge is a by-product of wastewater
treatment either by mechanical, chemical, or biological means.

The

sludge is completely dependent on the influent entering the sewage
treatment plant.

This means that the sludge can differ not only from

one locale to the next, but also from one day to the next in the same
plant.

Perhaps this is the key to the inconsistencies in many re-

ports on the use of sewage sludge as a fertilizer.

But historically,

inconsistencies also seem related to popular opinion.

For example,

papers from the early part of the century completely extol the virtues
of sludge as a fertilizer.

At that time, the United States was at

war and nitrates were being used in gunpowder, not fertilizer.
Later, during the time of economic depression, the commercial
value of sludge was questioned.

Many said it was not worth hauling

to the fields from the treatment plants.

However, World War II brought

a different outlook and sludge again became a valued asset.

The

ecological awakening of the sixties again brought forth a clamor
that a resource was being wasted.

More recent papers seem to hesi-

tate in giving sludge a clean bill of health, with some calling it
dangerous.

The energy crisis will undoubtably have its affect on

sludge value.

Perhaps the next decade will finally solve this question.

U)

Sludge can be used as a fertilizer and a soil conditioner.
many qJestions have arisen.

How hygienic is it?

But

Is it safe for

vegetable gardens or a corn field, or should it be restricted to
sterile soils such as abandoned strip mines?

Sludge can contain patho-

gens, toxic materials, and has been found to inhibit seed germination.
How the positive qualities weigh against the negative ones is what must
be decided.
The present study investigated the effectiveness of sewage sludge
as a fertilizer and a soil conditioner.

Varying concentrations of

sewage sludge were used in conjunction with a low fertility sand soil
and a high fertility loam soil.

The test soecies were green beans, a

representative food crop, and rye grass, a representative 1awn species.

HISTORICAL

The measure of fertilizing value was stated in 1932 by G. S. Fraps:
"The value of a fertilizer is considered to be chiefly due to the nitrogen,
phosphoric acid, and potash it contains, and upon the extent to which these
plant foods can be taken up by plants ... The fertilizing value of sludge depends upon the percentages of total nitrogen, available phoshoric acid, and
water soluble potash they contain, and also on the availability of the nitrogen in them.
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Many early studies dealt with nitrogen content and availability,
as well as the available phospohric acid.

Potash, though always mentioned,

was little discussed since its content in sludge is too low to be the sole
supply for soil fertilization.
There were abundant studies on the nitrogen content in sludge, reporting varied results.

Nitrogen in aerobic activated sludge was found in

a range of less than 1% to 6%.

(Allen, 1938).

Digested sludge (anaerobic)

was almost always found to be lower in nitrogen with an average near 1.5%.
(Pearse et .tl_., 1937).
The following table compares sludge with other early organic
fertilizers.

Although these organic fertilizers are no longer in wide-

spread use, they do give a basis of comparison for the sludges.
Comparisons of the chemical composition of cottonseed meal,
animal manures, and sewage sludge (moisture free basis)
(Anderson, 1955).
Materials
-·----Cottonseed meal
Chicken rnanure
Fa rm manure
Average activated sludge
/\verage digested sludge

i~N

~~p 2°5

o~K20

---

7.0
4 .1
1. 2

5.6
2.0

2.5
3.7
0.6
5.6
1. 1

1. 5
2.3

1. 2

0.4
0.2
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The form of nitrogen is also important.

Noer (1926) found

the sludge from Maywood, Illinois had a value of 4.72S for total nitrogen
content.

l~ater soluble nitrogen 1-Jas only 0.72'.'i, and water soluble was 4';;,

Some is also found in a volatile state.

Lunt (1946) found liquid sludge

directly from the treatment plant to be high in ammonia, but in the drying
process, much was lost or converted to another form of nitrogen.
Amounts of nitrogen in sludge are lower than in inorganic
fertilizers and some organic fertilizers.

However, the insoluble nitrogen

present in sludge will not leach as fast and is made available as needed
by plants (Pearse, 1946).
Phosphorous, as phosphoric acid in sludge, is quite variable
and has a reported range of less than 1% to 8%, with an average of 2 to
4% (Vlamis and Williams, 1961).

Sludge potash is usually less than 1% by weight and is not
regarded as a convenient source of the mineral (Anderson, 1955).

Minor

nutrients are usually lacking only in isolated areas in nature.

Studies

have shown Milorganite, a commercial sludge product, can supply as many
as twenty-three elements for plant use (Rehling and Troug, 1940).

Mil-

organite was also shown to cure deficiency symptoms in test plants.
Sludge can help most farm land when used as a soil conditioner.
In reclamation projects with mine sand tailings, sewage sludge proved to
be an excellent conditioner (Hortenstine and Rothwell, 1972).
The use of sludge should not be restricted to sterile or sandy
soils.

In a study using silt loam and sludge, water holding capacity was

increased and cation exchange was increased almost three times (Epstein,
Taylor, and Chaney, 1976).

( 5)

Concerns in recent years have centered around the high levels of
heavy metals in sewage sludges.

In some cases the amount of cadmium,

zinc, and mercury in sludge was found to be 500 times that normally in
soils.

High levels are usually found in sludges from larger cities. The

cause \'1as assumed to be heavy industry, however, a recent study has shm\ln
Washington D.C. to have high levels, with almost no industry (EPA, 1974).
This supports the theory that cadmium comes from automobile tire particles
washing into the sewer systems (Risbey, 1979).
Berrows and Webber (1972) reported that the repeated use of sludge
may increase the levels of nickel, copper, and zinc to levels toxic to
plants.

They warn that the composition of sludge

before using it as a fertilizer.

should be determined

Anderson and Nilsson (1972) reported that

using sludge leads to elevated levels of arsenic, mercury, cadmium, and lead;
and that sludge should not be used as a plant nutrient source.
Sludge can lower soil pH and raise the plant's absorption of
heavy metals (Anderson and Nilsson, 1972).

If soils are limed and the pH

kept high, metals are not as readily absorbed.
cause water contamination.

However, soil runoff can

Sludges from smaller towns and rural areas often

are no higher in metal content than local soils.

High levels of heavy metals

in sludges from larger cities might be alleviated by separation of sanitary
and industrial sewers.
Seed germination can also be inhibited by sewage sludge.

Sludge

slowed or stopped germination of lettuce seeds and radish seeds, but there
was no evidence of growth retardation when seedlings had become established.
(Lunt, 1959).

( 6)

Last of the negative values of sludge is the fear of bacterial
and viral contamination.

Enteric pathogens have been shown to survive

long periods of time in sludge.

Salmonella typhi lasted four to seven

days in sludge during dry weather and longer in wet weather; also, the
tuberculosis bacillus has been found viable weeks to months later (Gerba
et tl-, 1975).

Polio virus I has been found to survive thirty-two days

in waste\'1ater treated soils (Gerba et tl·, 1975).

METHODS Arm MATERI/\LS

Four soil fertilizers or conditioners were used in this
study.

Three of these were sewage sludges, the fourth was peat

moss.

All v1ere air dried and ground in a \Jiley Mill prior to use.
1

Sludge I:

An aerobic sludge produced in Charleston, Illinois.

This treatment plant uses an activated sludge process in serving a
town of 18,000 people.

The plant has a flow rate of approximately

2.5 million gallons per day and a maximum of ten million gallons
per day.

The town's population is one-half college students and it

has little industry.
The sludge was black, granular with bits of plastic and other
debris.

It was rubbery in texture and had little odor when dry.

Sludge II:

An anaerobic sludge produced in Mattoon, Illinois.

The plant uses both anaerobic digestion and an aerobic activated
sludge process in serving a town of 20,000 people.

The plant has

an average flow rate of approximately 4.5 million gallons per day
and a maximum of twenty-six million gallons per day.

There is little

industry in Mattoon.
The sludge was brown, almost soil-like in color and texture,
but had an insecticide smell to it.

The dry sludge had to be broken

up with a hammer before mi 11 i ng.
Sludge III:

Milorganite - a commercial fertilizer made from

dried aerobic sludge.

It is produced in Milwaukee, Wisconsin in a

plant that processes 180 million gallons per day and has a maximum
capacity of 200 million gallons per day.

The sludge is dark in

color, granular in texture, and has a slight odor.

. (8)

Peat moss:

A comr.1ercially produced peat moss purchased locally.

Two soils were used in the experiment.
loam from an old flower bed in Charleston.
soil used in the University greenhouse.

The first was a high organic
The other was a quartz sand

Both

were air dried and sifted

through a 0.187 in. sieve.
The experiments were divided into three groups - a greenhouse study,
a germination study, and a chemical analysis.

GREENHOUSE EXPERIMENT
The greenhouse experiment was conducted using six concentrations
of sludge in two soils with two species of plants.

The concentrations of

air dried sludge in relation to soil were 0%, 0.1%, 1%, 10%, 50%, 100% on
a weight to weight basis.
uses.

The plants selected were representative of two

Burpee I s Tenderpod green beans (Phaseol us ~-) were chosen as the

food plant, while a lawn grass was represented by perennial ryegrass
(~olium oerenne).
The soil and sludge were weighed and placed in plastic bags and
thoroughly mixed.
drain holes.
plate.

This mixture was placed in styrofoam cups with bottom

The cups were placed on one-half of a sterile plastic petri

Five bean seeds or fifteen grass seeds were planted per cup.

The

bean seeds were pushed about one-fourth inch below the surface, while the
grass seeds were left on top of the mixture.
conducted with three replications each.

Two separate trials were

Soils were bottom watered to

maintain field capacity.
The plants were grown for approximately two weeks, after which th~y
were clipped at soil surface and fresh weights were recorded.

(9)

GERMINATION EXPERIMENT
Sludge slurries were prepared by mixing 100g portions in
500~1 of distilled water and stirring mechanically for forty-eight

hours.

The sludge extract \'!as obtained by centrifuging the slurry

at 20,200xg for thirty minutes and filtering the supernatant througl
#1 paper.
Extract amounts of 0.0, 0.1, 1.0, 3.0, 6.0 ml. were placed on
9cm filter paper in petri plates.

Each of the five replicate plates

were then brought up to 6ml total volume with distilled water.

Five

bean seeds or ten grass seeds were placed on the filter paper.

Radicle

lengths were determined five days after gernination.
CHEMICAL ANALYSIS
Organic Matter
The procedure for determining organic matter was a modified Walkly-Black wet oxidation method (Page, 1965).

One gram of

soil or sludge, 10ml of lN K2cr 2o7 and 10ml of concentrated H2so 4
were combined then diluted to 100ml with distilled water.

It was

allowed to react for thirty minutes using the heat of dilution,
then titrated with Feso 4 using a barium diphenylamine sulfonate indicator.

Sludge or soil organic matter was calculated:
(meq K2cr 2o7 - meq FeSo 4 ) 0.67 X 100
O.M.% g soil or sludge
0

_

Analysis of Metals
The analysis for aluminum, cadmium, cobalt, chromium, copper,·
iron, magnesium, manganese, nickel, lead, vanadium, zinc plus calcium
was done simultaneously.

The elements were extract by mixing 5,9 of

sludge or soil with 20ml of 0.5N HCl.

The slurry 1,1as shaken

( 10)

mechanically for one hour, centrifuged at 12,lOOxg for ten minutes
and the supernatant filtered through Whatman #1 paper.

A 10ml portion

of the extract was preserved with 1ml of concentrated nitric acid and
diluted to 25ml total volume with distilled water.

The extract was

analysed by argon flame emission spectroscopy with a plasma torch (Model
975 plasma Atomcomp by Jarrel-Ash).

pH was measured in a 1:1 suspension of distilled water and sludge
with a glass electode Corning model ten pH meter.
Soil Texture
A modified hydrometer method was used to determine soil texture
(Bouyoucos, 1962).

Fifty grams of oven-dried soil were added to 50ml of a

10% Calgon solution and allowed to stand overnight.

The mixture was placed

in a Waring blender and mixed for two minutes, then placed in a 1,000ml
cylinder and brought to 1,000ml with distilled water.

Three drops of an~l

alcohol were added after a thorough mixing to reduce foam, and fifteen seconds later the hydrometer was added.
and two hours.

A reading was taken at forty seconds

Amounts of sand silt, and clay were determined with the

formula:
Sand= 100 ( Hydrometer reading

.~o sec - readin_g_Jn 10~/, Calgon
Grams soil or sludge

)

X

100)

Silt was determined using the same formula a two hour reading, while the
clay equals 100 minus the sand and the silt.
Catio.!:!. Exchange Capacity
The sodium saturation method for determining the cation exchange
capacity (CEC) was used (Black, 1965).

Thir~y three millili~ers of sodium

acetate (NaOAc) I.ON at pH 8.2 and four grams of sludge or soil were
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added to a 50ml plastic centrifuge tube.

The w.ixture was shaken for

five minutes, centrifuged at 3020xg for five minutes, decanted and
the supernatant discarded.

This procedure was repeated four times.

The samples were then washed three times with 99% isopropyl alcohol
using the above procedure.

The last three washings were with ammonium

acetate (NH 40Ac) I.ON at pH 7.0 and the supernatants were placed in a
100ml volumetric flask and brought to volume with NH 40Ac.

The Na+

content of the extract was determined in a National Instruments
Laboratory flame photometer.
fhosporus
For determining both phosphorus and ammonia, an extracting
solution of 0.05N HCl and 0.025N H2so 4 was used (Page, 1965).

An

extract was obtained by mixing 10g of soil or sludge with 200ml of
the extracting solution and approximately 0.5g of activated charcoal.
This was shaken for two minutes and filtered through Whatman #1 paper.
Standards were prepared by adding 0.10989 of KH 2Po 4 to 1000ml extracting solution and diluting to range of 0-25ppm.

An indicator was made

by dissolving 2.5g of NH 4vo 3 in 1000ml of 1:1 HNO and dissolving 50g
of ammonium molybdate in 1000ml of distilled water, then mixing the two
in equal proporti ans ..
Four mililiters of soi 1 extract \':as mixed

1t,1

i th 1ml of in-

dicator in a spectrophotometer cuvette and allowed to stand for twenty
minutes.

A blank was prepared from 4ml of extracting solution and

1ml of indicator.

The solutions were read in a Bausch and Lomb

Spectronic 20 spectrophotometer at 450nm.

( 12 )

AITTnonia
A set of standards were prepared from 0.0588 g (NH 4 )"S0
4. in 500ml
C.
of the previously mentioned extracting solution and then diluting to
give a range of 0-25 ppm NH 4-N (Page, 1965).

Two indicators were used.

The first was prepared by dissolving 50g of sodium tartrate and lg of
sodium polyacrylate in 1000ml of distilled water.

The second was made

by dissolving 45.5g of AgI 2 and 35g of KI in 75ml distilled water.
112g of KOH was added and diluted to 1000ml with distilled water.

Then,
After

allowing this concentrated Nessler's reagent to stand for several days,
the supernatant was decanted and diluted 1:4 with distilled water.
To 1ml of soil extract, 2ml of sodium tartrate and 2ml of dilute
Nessler's reagent were added and left standing for fifteen minutes.

The

NH 4+ content was determined colormetrically in a Bausch and Lomb Spectronic 20 spectrophotometer at 420nm.
Analysis of Potassium and Sodium
Thirty milligrams of sludge or soil were ashed at 500C for one
hour.

Five milliliters 15mM Li 2so 4 were added and the samples were

compared to known standards in a National Instrument Laboratory flame
photorieter.
Analysis of Nitrates
An extracting solution was prepared by dissolving the following
in distilled water with 1000ml total volume: 16.66g Al 2 (so 4 ) 3 ; 1.2g
H3B0 3 ; 4.67g Ag 2S0 4 ; 2.43g NH 2S0 3H.

The pH was adjusted to 3 with NaOH.

Ten grams of sludge or soil were extracted in 50ml by mechanically
shaking .for. t1·1enty minutes, then allov,ing it to settle.

The samples

were compared to known standards in an Orion Research Ionanalyzer/rnodel
407A.

RESULTS AND DISCUSSION

Algal and fungal contamination of all four soil amendments
created problems during the experiment.

The algae first appeared

randomly in the petri plates under the cups of the three sludges.
Most \'Jere motile, single-celled algae such as Chlamydomonas, and
these were often pure cultures.

However, no reduction in plant

growth was noted.
Random fungal contamination was also observed with a significant reduction in plant growth.

This fungal contamination was found

growing on the surface of the sludge and in the petri plates under
the cups.

A fungus in the family of Mucorales infected many of the

ungerminated seeds, especially the bean seeds.
To help alleviate this problem, the cups were kept at field
capacity with little or no \'later in the petri plates.

Sterile petri

plates were also used, thus reducing the contamination by both algae
and fungi. Inconsistent low plant weights (Table I) were frequently
due to contamination problems.
The bean seedling data were variable.

Control plant weights

were inconsistent, and there was no clear indication that the addition of sludge or peat moss increased plant growth.
due to the large food reserves in the seeds.

This was perhaps

At the two highest

concentrations of peat moss and anaerobic sludge, growth was inhibited, while aerobic sludge and ~ilorganite completely inhibited seed
germination.
The grass seedilings did exhibit a positive growth response to
the low concentration of sludge.

Increased plant groth in the 0.1~

(14)

to the lZ range, was evident for both soils (Table I).

The grass

controls were more consistent than the bean controls, with plant
growth in the loa~ four times that in the sand.

Even with the addi-

tion of sludge, at no time did the growth in the sand soil equal that
in the loam.

As with the beans, the grass exhibited growth and germ-

ination inhibition at the two highest s1udge concentrations.
Germination Experiment
As indicated in Table I, there was a decrease in the weight
per plant at the higher sludge concentrations.

Table II shows that

the aqueous sludge extracts inhibited seed germination for both bean
and rye grass seeds.
EPA, 1974).

This has been previously reported (Lunt, 1959;

Greater inhibition of radicle growth occurred at higher

sludge concentrations.

Beans exhibited less inhibition than rye grass.

This was most evident at the highest extract concentrations.

Bean

germination v,as approximately 50%, while rye grass varied from 0.06%
to 31% germination.

This reduction in germination exhibited by the

smaller rye grass seeds might possibly be due to smaller seed reserves.
Milorganite and aerobic sludge extracts exhibited more inhibition than the anaerobic sludge extract.

Anaerobic sludge at the

0.1ml and the 1ml concentrations showed less than a 10% decrease in
gro1tJth for beans and no decrease for rye grass.

At the 3ml and 6ml

concentrations, the inhibition was almost equal to the other sludges.
The aerobic and Milorganite slud9es exhibited a progressive increase
in inhibition starting at the lowest concentration for both species.
The reason for this inhibition was not evident.

Federal Environ-

n~ntal Protection Agency reports (EPA, 1974) suggest it might be the
ammonia in the sludge, hO\-Jever, no data was presented to support this.

( 15)

Although the lowest ammonia concentration was found in the anaerobic
sludge which was less inhibitory, no direct correlation could be
established in this study.
Chemical Analysis
Table III shows the chemical analyses of the sludges, peat moss,
and soils.

Most of the tests were designed for soil testing and some

proved inadequate for sludge testing, for example, the test for organic matter produced a precipitate in the sludge which prohibited
titration.
Tests show the sludge from the small towns, Charleston, Illinois
and Mattoon, Illinois, contained approximately the same metals content
as the soils.

Milorganite has a copper and cadmium corcentration

100 times the other sludges and soils.
also in much higher concentrations.
the Milorganite having the lowest pH.
levels of

No;,

+

+

Most of the other metals were

All the sludges were acidic with
Milorganite has the highest

NH 4 , and K, but the lowest level of P0 4-

3
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Table I.

Average weight per plant of green heans and rye grass grown
in various concentrations of sewage sludge and peat rnoss in
t \•JO SO i 1S •

Bean seeds in Loam soil

Weight/Plant in grams
Peat moss

0

O.1
1
10

50
100

1. 39
1. 15
1. 53
1.08
0.21
0

1. 72
0.93
1.19
1. 25
1.05
0.58

Grass seeds in Loam soil
Jl.erobi c ~l_~c!_~
0
0 .1
1
10

50
100

.037
.041
.037
.024
0
0

0

0.1

t_\_naerobi c-2.l_ud~
.045
.044. 04-6
.045
.021
.006

1

10
50
100

Peat moss
.036
.045
.039
.008

.035
.029
.047
.044

Cl

.013

0

.004

Weight/Plant in grams
Anaerobic

0.93
1. 25
1. 10
0.20

0

1.12
1. 36
1. 72
1. 45
0.73
0.41

\.lei ght/Pl ant in grarns

Bean seeds in Sand soil

Si 5~s!.9_e

1. 03
1. 83
1.15
0.47
0

0

1. 78
1.45
1.18
1. 21
0.81

0

0.F,I)

Grass seeds in Sand soil

Peat moss

~l~~

1. 00
0.88
1. 32
0
CJ

0

1. 30
1.19
1.43
1. 32
1. 21.
0.43

'foight/Plant in grams
Anaerobic sludge

Milorganite

Peat
- - -moss
--

0

.008
.022

. 011
.011

.007
.021

.008

0.1
1

.020
Jl04

.021
.023

.005
.002

0
0

.012
.0lJ8

0

.012
.021
.008
.003

10
50
100

0

.010
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Table II.

Effects of various amounts of sewage sludge extract on
the germination of green bean seeds and rye grass seeds
Percent germination of green bean seeds using the
radicle length of the control as 100% germination.
Sludge Extract

ml of
extract
per dish

Aerobic sludge

0

100

0.1
1
3
6

111
89
86
63

Anaerobic ~-.l udge

Mil crganite

100
99
90

100

67
57

75
62

64

60

Percent germination of rye grass seeds using the
radicle length of the control as 100% germination.
ml of
extract
per dish
0

0.1
1
3
6

Aerobic sludge

Anaerobic sludge

100
86
46
14

100
104
105
78

0.06

31

Miloraanite
100
93
67

48
25

I\

Table I I I.

l 'l )
l;

Analysis of three sludges, peat moss, and two soils.
Aerohic

Anaerobic

13.8
11000
0.68
0.62
1. 55
1. 58
34.2
0.13
725
233
2.6

3.39
17000
0.28
1.48
0.50
1.05
20.7
0.12

!'1i l orga.n i te

Peat

Loam

Sand

51.8
515
301 12000
0.52
0.63
0.30
0.81
0.57
0.41
1.66
1.80
48.7
12.4
0.05
0.12
194
669
16.3
117
3.0
6.8

7 .11
13000
0.10
0.78
0.42
0.63
138

39.4
2.8

514
4443
66.6
12.2
77. 7
154
2132
0.23
725
49.7
7.6

500
2.45
1.40
30.6
0.43
42.4

400
4.61
1.04
34.4
0.36
105

540
41. 5
50.9
16.6
1.84
666

400
0.68
5.15

pH

6 • r:::J

6.5

3.9

CEC
meq/lOOg

976

1286

1219

Organic
Matter

*

*

*

Al
Ca
Cd
Co
Cr
Cu
Fe
K

Mg
Mn
N0 3
Na
NHL'.
~Ii ·
Pb
P0 4
V

Zn

ppm
ppm
ppm
ppm
ppm
ppm
ppm
%

ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm

Soil texture

725

Sand
Sand 81 ;;
Loam 21;,;

- Trace
* On or above upper test limits

Silt
1?O/
63%
<... /0

~
7c•10

16~~

726
45.3
20
0.49
0. 77

0.31
8.40

30
2.22
46.6
9.0
0.82
140

5.0

7.3

7.2

7330

12.5

1.37

*

20;;

0.40
2.99

CONCLUSION

Based upon data collected, sludge appears ineffective as a fertilizer for green beans.

The fungal and algal contamination problems

contributed to the variability of the results.

The sludge may bind

up the water in the cups and not allow its use by the plants.

At the

two highest concentrations, the cups were found to contain beans with
uncracked seed coats, even though the sludge was at field capacity.
This was especially evident in the aerobic sludge.

The bean plants

grew as well in the sand as in the loam, suggesting that they relied
mainly on the stored food reserves.

Perhaps if the experiments had

been conducted for a longer period of time, a better indication of
the sludge's nutrient value could have been obtained.
Rye grass growth was enhanced at low sludge concentrations as other
researchers have reported (Lunt, 1946; Lunt, 1959; Noer, 1926; Pearse
et tl, 1937; Reynolds, 1930; Russel, 1926; !•Jells and ~4hitton, 1976).
However, experiments on actual lawns need to be conducted to determine
possible application proble~s.

Large or repeated applications of

Milorganite could rose a problem because of heavy metals and a low pH.
This is much less of a hazard in the other two sludges.
All three sludges did inhibit seed germination.

This might be

related to metal content; i.e. cadmium, copper, lead, and zinc.

Mil-

organite, however, did not exhibit a greater inhibition than the other
sludges even though the metal content was much higher.

At concentra-

tions likely to be used on farmlands or lawns, the Milorganite or other
sludges probably would not inhibit growth or germination.

The data do

indicate that it is possible to apply too much sludge and thus inhibit

(20)

plant growth.

This problem would likely occur on small areas such as

gardens and flower beds.
Milorganite, even though it is sold commercially, is more
hazardous because of its metal content, but is freer of pathogens because of its drying process.

The small town sludges are pathogenically

safer if dried or composted for over a year.
If sludges are to be disposed of, lawns, fields, and strip
mines could provide better sites than landfills.

Economic factors must

be considered and care taken, to monitor sludge content and soil contamination in order to make sludge use productive and safe.
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